Abstract. Power line frequency communication technology using the small distortion about the grid voltage and current waveform to carry information, and cross the transformer remote communication, suitable for line structure and load characteristics in distribution network. It has the advantages of low cost, easy installation, free communication and so on. But the power line frequency communication there is a low rate of defects, and the traditional modulation and demodulation are based on the local voltage zero, because the transceiver system voltage phase difference caused by receiving time domain deviation, which seriously affect the communication performance. This paper established a multi-channel signal transmission model based on the technical mechanism of frequency communication. We use single-phase multi-channel, three-phase transmission, multi-feeder parallel transmission and other means to improve the communication rate, At the same time, this paper based on time-frequency analysis to determine the frequency domain communication signal modulation time domain, combined with a variety of anti-jamming measures, which can adapt to the distribution network voltage difference between nodes, thereby enhancing communication performance.
In order to make the power line frequency communication technology can reliably transmit data, a new power line frequency communication technology research, including multi-feeder, threephase, multi-channel signal transmission model research, multi-channel frequency signal modulation and demodulation technology research , Communication protocol research. On this basis, the development of multi-channel frequency communication system which adapts to the actual channel environment of distribution network in China, including various connection methods which can adapt to the user's transformer, and finally establish the demonstration of electricity consumption in remote area.
With the continuous development of energy Internet, the need to monitor and transfer the amount of data is growing, the frequency of communication frequency communication should also continue to improve to meet the growing demand for energy and development of the Internet. According to the characteristics of power frequency communication can learn the three-phase transmission technology, multi-channel, multi-feeder technology [6] . According to the energy Internet access equipment complexity, line noise and other characteristics, the need to study the corresponding interference suppression technology or other methods to enhance the reliability of communication. And according to the geographical scope of monitoring and management, select the appropriate power line communication, research to improve the communication performance of the key technologies, so that monitoring data through the power line real-time, reliable transmission, remote monitoring for the motor group to promote the application to create favourable conditions, Academic significance and engineering application value.
Related Work
United States Reed H. Johnston first proposed power line frequency communication ideas, the basic principle is the use of modulation voltage waveform to achieve information transmission, are simplex communication. In the 1980s, the United States Mak, ST [7] proposed TWACS the basic concept of voltage modulation with the previous simple mode, while the other way the information transmission through the current modulation , Thus realizing the two-way transmission of information. As the North American power grid channel interference is small, the technology has been in the remote meter reading, load control and other fields have been applied. In the 1990s, the United States experts proposed by orthogonal coding combined with the detection vector to achieve single-phase 6-signal uplink simultaneous interpretation method [8] . After 2000, North America in the field of research less, mainly concentrated in the frequency spectrum distortion signal spectrum analysis [9] .
In the Frequency of Communication Signal Transmission Characteristics of the Study
Harbin Institute of Technology (HIT) based on the field measured signal, the modulation signal waveform is obtained by time domain difference method. The comparison between field test and transmission simulation shows that the transmission of power frequency communication signal in China is close to the model simulation [10] . Beijing Jiaotong University, Beijing 100083, China) the influence of the connection mode of distributed transformer on the transmission of power frequency modulation signal is studied. Among them, there is a phase difference between the one or two windings of the Dy11 transformer. There is amplitude attenuation when power frequency communication signals pass through this type of transformer [11] . North China Electric Power University proposed to meet the power quality standards under the premise of enhancing the amplitude of the modulation signal to improve the communication performance of the method [12] .
In the Frequency of Communication Signal Detection Research.
As the frequency communication signal only exists a short time, simply according to the signal time domain characteristics of the demodulation is difficult to guarantee performance, North China Electric Power University, Harbin Institute of Technology and other units also use time-frequency analysis means to extract power frequency communication signal. Time-frequency analysis methods are mainly short-time Fourier transform, wavelet analysis, Wegener distribution [12] . The short Fourier transform is realized by adding the time window function to the signal after Fourier transform. Wavelet analysis is similar to short-time Fourier transform, but it has the advantage of automatically adapting to the time-frequency characteristic of the signal by stretching translation. Harbin Institute of Technology studied by the frequency analysis method, the basic feature is based on the frequency spectrum signal characteristics of the signal to the receiver voltage zero time as a benchmark. Compare the signal modulation area and the energy parameters of other areas to determine whether there is a modulation signal. Based on the phase difference of each node in the distribution network, the North China Electric Power University has studied the transmission delay problem of the power frequency communication signal. Based on the time-frequency analysis method combined with adaptive filtering and other anti-jamming technology, the adaptive frequency distribution method of adaptive distribution network node voltage difference is proposed.
The research on the transmission characteristics of power frequency communication signal at home and abroad shows that the attenuation of the distortion signal in the distribution network is not big due to the low signal frequency. However, due to the limitation of harmonic management and the cost of equipment, the modulation amplitude of the distorted signal is very weak, so the signal-to-noise ratio is very low when the frequency signal is demodulated. In the case of channel noise, the interference of the grid is more random, it is difficult to use accurate formula to express, the total situation is the existence of a large number of industrial distribution network non-integer harmonics, noise interference is much larger than the civil power grid. The study of the frequency communication channel is mainly focused on the signal through the transformer and its transmission attenuation in the power line. In the frequency of communication signal modulation and demodulation, the current focus is on the channel interference suppression method.
The Novel Frequency Communication System Structure
According to the distribution network structure and the power line frequency communication mechanism, through the multi-feeder, three-phase transmission, single-phase multiplexing proving the system's equivalent rate [1, 4, 7] . As shown in Figure 1 , by the substation in the sub-station equipment and a number of low-voltage side of the distribution transformer terminal, the sub-station and the terminal through the voltage or current distortion signal to achieve information transmission. 
Multi-Channel Parallel Signal Transmission Mechanism and Channel Model of Power Frequency Communication
The Mechanism of Frequency Communication Figure. 2. Frequency communication system structure.
Power line frequency communication system shown in Figure 2 , by the substation in the substation equipment and a number of low-voltage side of the distribution transformer in the terminal, the sub-station and the terminal through the voltage or current distortion signal to achieve information transmission. The signal from the slave station equipment to each communication terminal is called a downlink signal, which is usually the address code of the control instruction or the request information. The transmission device in the sub-station device generates a distortion signal in the vicinity of the voltage zero crossing by the modulation transformer, and the communication terminal passes Detection of voltage distortion signal to achieve downlink demodulation.
The signal from the communication terminal to the sub-station device is called an upstream signal, and the current signal is generated by the drive circuit in the terminal through the distribution transformer in the vicinity of the voltage zero crossing [3, 11] . The upstream demodulation device in the master station is detected by the sensor, 10kV line current distortion signal to achieve uplink demodulation. Distortion signal is in the modulation terminal voltage near zero, A, B, C phase between the phase difference of 120 degrees, so that the modulation signal will not overlap each other, through A, B, C three simultaneous transmission frequency distortion signal, Can get 3 times the communication rate.
Multi-channel Transmission Scheme Design
Through the multi-feeder, three-phase transmission, single-phase multiplexing, etc. can be multichannel power signal transmission, thereby improving the system's equivalent rate [6, 13] .
The distortion signal is in the vicinity of the zero voltage of the modulation terminal, the phase difference between the three phases of A, B and C is 120 degrees, and the main component of the distortion signal exists for about 3 milliseconds, so that the modulation signal does not overlap with each other. Through A, B, C three-phase transmission frequency signal distortion at the same time, can get 3 times the communication rate. Single-phase multiplexing is for the uplink communication, the uplink signal using the distortion current representative. As the current harmonics is rich, each uplink data is expressed by four consecutive periodic waveforms. Four adjacent cycles have eight voltage zero crossings, which are carried out according to the principle of 2 positive 2 negative current distortion in four frequency cycles Data modulation [8] .
Different 10KV branch current distortion signal with each other basically no effect. Through the sub-station equipment within the uplink demodulation device through the sensor acquisition, detection from 10KV line current distortion signal. In the detection process of the uplink signal, the modulation signals of the multi-feeder do not interfere with each other, thus realizing the parallel transmission of the multi-feeder signal, and the equivalent communication rate becomes a multiple of the number of branches.
Multi-Channel Power Frequency Communication Signal Transmission Model
As a result of multi-phase, multi-channel parallel transmission, according to the distribution network structure to establish a comprehensive reflection of the frequency of communication signal transmission characteristics of the model. Power frequency signal transmission model will power lines, transformers, and load are equivalent to resistance and reactance, as shown in Figure 3 .The transmission model is established for the power frequency communication signal transmission characteristic analysis, which is to realize the multi-channel signal parallel demodulation foundation. 
Study on Transmission Characteristics of Power Frequency Communication Signals
Power frequency modulation signal in the transmission side of the voltage near zero, and signal detection can only take the terminal voltage zero for reference. In order to improve the detection performance, it is necessary to analyze the waveform of the modulation and reception side of the modulation signal and the system voltage waveform at the transmitting and receiving side so as to obtain sufficient power frequency modulation signal information at the time of signal reception.
The upper and lower signal modulation and transmission models shown in Fig. 4 are established by taking the user terminal 1 and the 10KV branch k in Fig 3.In Figure 4 , F and G are the Frequency communication master station and terminal equipment location. w is the frequency of the power frequency. at the main station, R1+jwl1 for the substation main transformer equivalent impedance, R+jwl for the modulation transformer and modulation device including the equivalent impedance, R2+jwl2 for the transmission line equivalent impedance, R3+jwl3 for the transmission line The equivalent impedance of the corresponding load at the end.
In the G position of the communication terminal, R3+jwl3 for the distribution transformer equivalent impedance,R5+jwl5 for the transformer power supply within the range of the equivalent load impedance, R'+jwl' for the uplink signal modulation impedance. The control switches Sand S' are implemented with thyristor. When S is closed at 30° before the local voltage is zero (t=t0), the downstream voltage distortion is generated when the voltage is close to zero (t=t1) Similarly, the on-off of the switch S' can produce current distortion iG.
The upper and lower power frequency modulation signals are carried out before the transmission voltage is zero, and the signal demodulation is carried out at the receiving end. Therefore, there is a need for signal transceiver terminal voltage phase difference, and the frequency of communication signals in the distribution network in the transmission delay.
In the distribution network, the voltage difference between the vertical and horizontal changes of the voltage between the nodes can be reflected. Let U1and U2 for the transceiver node voltage.P2and Q2are the line between the active and reactive power, R +jX is line impedance.
The vertical variation of the line voltage is:
The voltage transitions are:
The voltage difference between nodes is:
Signal transceiver between the 10KV line length reach about 20 km, according to the parameters of the reference, the line impedance is:
Sis the apparent power (unit: MVA) and ϕ is the power factor. According to equations (1) to (3), the absolute value of the voltage difference between nodes (unit: degrees) is shown in Table 1 for different power and power factors.
In the actual distribution network, the impedance of different lines vary greatly. Reference to the relevant literature parameters, line impedance is:
When this line parameter is included, the voltage difference between nodes is shown in Table 2 under different apparent power (unit MVA) and power factor.
As can be seen from Table 1 and Table 2 , the lower the power factor, the greater the difference in voltage between nodes. 
